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Method for producing xylitol 

The invention relates to a method for producing 

xylitol . 

5 Xylitol is a naturally occurring sugar alcohol 

that is obtained through the reduction of xylose and that 
has sweetness corresponding to "normal sugar" but a calorie 
content (2.4 kcal/kg) lower than in normal sugar. Xylitol 
is found in small amounts in a variety of fruits and 

10 vegetables and it is also formed in the human body as a 
normal metabolic product. Due to certain metabolic, dental 
and technical properties, xylitol is a very good special 
sweetener for different purposes, such as chewing gum, 
confectionery, etc. It can be mentioned as an example that 

15 xylitol metabolism is independent of insulin metabolism and 
therefore diabetics can also use xylitol. Xylitol also 
slows down bowel movement and it may therefore be of use in 
diets. It has also been found out that xylitol does not 
cause dental caries but it might even have an 

20 anticariogenic effect. 

Despite the numerous advantages of xylitol, its 
use has been rather limited. This is due to the relatively 
high price of xylitol, which in turn results from 
difficulties in producing xylitol on a larger scale, 

25 Xylitol has been previously prepared from xylan- 

containing material through hydrolysis. This results in a 
monosaccharide mixture containing xylose, for example. 
Xylose is then reduced to xylitol through catalytic 
reduction (hydrogenation) usually in the presence of a 

3 0 nickel catalyst, such as Raney nickel. The literature of 
the art describes several methods for producing xylose 
and/or xylitol from xylan-containing material. Examples 
include US Patent 3,784,408 (Jaffe et al) , US Patent 
4,066,711 (Melaja et al) , US Patent 4,075,406 (Melaja et 
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al), US Patent 4,008,285 (Melaja et al) and US Patent 
3,586,537 (Steiner et al) . 

In several plants, majority of the hemicellulose 
is xylan that can be hydrolyzed into xylose. The primary 
5 starting material for xylan is the hemicellulose of 
deciduous trees that mainly consists of xylan. The use of 
xylan and xylose obtained as by-products of cellulose 
industry has recently also been the object of greater and 
greater- attention. Xylose is formed, for example", ' in acid 

10 sulphite cookings where the typical bases include Mg^*, 
Ca^\ NH4* and Na\ The starting material may also be cooking 
liquor of neutral sulphite cookings after the xylo- 
oligomers of xylan have been hydrolyzed. In the cooking 
liquors of acid sulphite cookings, the hemicelluloses are 

15 already in a monosaccharide form. The term "cooking liquor" 

refers in this connection to a solution used in cooking or 
obtained after the cooking, or part thereof. The known 
catalytic methods for reducing xylose used in the 
production of xylitol usually require that the xylose to be 

20 reduced does not contain harmful impurities. The 
purification is very demanding and requires a multistep 
process (see US Patent 4,631,129, Heikkila, and 
PCT/FI95/00224, Heikkila et al) for example since the 
catalysts used in the xylose reduction reaction are very 

25 sensitive to impurities (see Harkonen, M. and Nuojua, P., 

Kemia-Kemi, no 3 (1980) pp 98-100) . The purity of the final 
product is in turn greatly dependent on whether the xylitol 
can also be separated from the products produced during the 
reduction reaction . 

3 0 When a sulphite cooking liquor is used as a raw 

material for xylose, the problem is the variation in the 
cooking conditions. Depending on the circumstances, 
hemicellulose of wood dissolves in different ways and 
produces greater or smaller amounts of xylose. In cooking 

35 conditions where only a small amount of xylose is produced, 
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significant amounts of xylonic acid may also be formed. It 
is difficult to separate xylose found in such a product 
from a liquor containing xylonic acid for example by means 
of chromatography if the xylose is to be pure. The xylonic 
5 acid present in the solution makes the separation of xylose 
more difficult and therefore causes a decrease in the 
crystallization yield of xylose. However, it would be 
preferable to be able to use xylonic acid as a raw material 
for xylitol (see WO 93/1903, Vuorinen) Therefore, it would 

10 be desirable to provide a method by which xylose and 
xylonic acid obtained from sulphite cooking liquor, for 
example, could be converted together into xylitol. 

As described above, the reduction of xylose to 
xylitol constitutes known technology. The reduction of 

15 xylonic acid, which is usually in the form of a lactone or 
a salt (see Paperi ja Puu, no 11, vol. 59 (1977) p 713), to 
xylitol is considerably more difficult, on the other hand. 
It has been found out that the simultaneous reduction of 
xylose and xylonic acid to xylitol is difficult since 

20 xylitol decomposes under the strong reduction conditions 
required by xylonic acid. 

The present invention relates to a method for 
producing xylitol. The method is characterized in that a 
mixture that contains xylose and xylonic acid or that is 

25 concentrated with respect to xylonic acid is reduced. 

It has recently turned out that the reduction can 
be carried out catalyt ically or by using metal hydride 
reagents, such as sodium borohydride. The reduction is 
carried out suitably catalytically , in which case preferred 

3 0 catalysts include Raney-type catalysts and noble-metal 
catalysts, such as Ru, Pd and Pt, especially Ru. 

A suitable catalytic reduction temperature is 70 
to 150°C, preferably 100 to 130^*0, and the reduction is 
carried out suitably at a pressure of 5000 to 20 000 kPa, 
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preferably 10 000 to 13 000 kPa. The pH of the mixture to 
be reduced is preferably 0.5 to 3.5. 

The mixture to be reduced is suitably a mixture 
obtained from sulphite cooking liquor by extraction, or a 
5 fraction obtained by chromatographic separation, preferably 
through the use of a simulated moving bed (SMB) (see WO 
94/26380) , or runoff formed in the crystallization of a 
xylose fraction. The fractions that have been separated 
before the reduction must be possibly purified, for 

10 example, by ion exchange. The xylose and xylonic acid 

fractions may require further purification by 
neutralization/precipitation/filtration and/or treatment 
with carbon or an adsorbent. It is also possible to use 
two-step hydrogenation, which means that in the first step 

15 the hydrogenation is carried out for instance with a Raney 
nickel catalyst and in the second step with a noble -metal 
catalyst, for example. A manner of implementing the 
invention is to carry out preoxidation, in which case the 
separation of the xylonic acid concentrate from the 

20 solution becomes more effective. Xylitol prepared according 

to the invention can be preferably isolated from the 
product solution of the reduction chromatographically or 
preferably by crystallization. 

The method according to the invention makes it 

25 possible to considerably reduce the costs of producing 

xylitol. The method enables for example better use of the 
raw material (the raw material is sufficient for as much as 
about twofold amount of xylitol) . 

The following examples illustrate the invention. 

30 Example 1 

Hydrogenation of an acid fraction obtained from 
the chromatographic separation of sulphite cooking liquor 
By using a simulated moving bed (SMB) (WO 
94/26380) a fraction was separated chromatographically from 

35 an acid Mg-sulphite cooking liquor of beech tree and it was 
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purified with granulated (Chemviron CPG'^) carbon, a 
strongly acid cation-exchange resin (DOW 88™, in an acid 
form) and with a slightly basic anion- exchange resin {DOW 
66*^, in a basic form). The conditions of the run were: a 
5 flow of 1.0 bv/h/column (bv = bulk volume), a temperature 

of 4 0°C and a dry solids content of the feed solution of 
23%. The reaction was carried out in a 5-litre Medimex 
autoclave (batch-type reactor) at 100**C, at a pressure of 
100 bar and at a pH of 1 .3 by using as a catalyst 

10 ruthenium/carbon (5% Ru on carbon, Engelhard CP 56 x 
L/R/WW) , the dosage (Ru/C) of which was 13% of the dry 
matter of the solution. The time of hydrogenation was four 
hours . The feed and product analyses of the hydrogenation 
are shown in Table 1. 

15 Example 2 

Hydrogenation of a product fraction obtained from 
chromatographic separation 

A fraction obtained in the manner described in 
Example 1 was purified in the following manner. The 

20 fraction was neutralized to a pH value of 5 by adding 7.5% 
calcium hydroxide calculated on the dry matter of the 
fraction. The precipitate was filtered off. The filtrate 
was purified with a strong cation-exchange resin and with 
a slightly basic anion- exchange resin as in Example 1. The 

25 hydrogenation was carried out under the same conditions as 
in Example 1 . The feed and product analyses are shown in 
Table 1. 

Example 3 

Reduction of runoff from xylose crystallization 
30 The runoff was purified with a strongly acid 

cation-exchange resin and a slightly basic anion-exchange 
resin as described in Example 1. The hydrogenation was 
carried out under the same conditions as in Examples 1 and 
2. The feed and product analyses are shown in Table 1. 
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Exaxnple 4 

Hydrogenation of a mixture (runoff/acid = 80/20%) 
of the acid fraction from the chromatographic separation of 
sulphite cooking liquor and the runoff from xylose 
5 crystallization. 

The mixture was purified with a strongly acid 
cat ion -exchange resin and a slightly basic anion- exchange 
resin as described in Example 1. The hydrogenation was 
carried out under the same eonditions as- in Examples 1 to^ 
10 3 . The feed and product analyses are shown in Table 1 . 

Kxample 5 

Reduction of a product fraction from the 
chromatographic separation of sulphite cooking liquor by 
using two-step hydrogenation 

15 The prehydrogenation was carried out on a non- 

purified SMB separation product under the following 
conditions. The catalyst was Raney nickel (10% of the dry 
solids content of the solution^ Chemcat J 10 GS) , the 
temperature was lOO^C, the pressure was 4000 kPa (at the 

20 end the pressure was raised to 8000 kPa) , and the time of 

hydrogenation was four hours. Cations were removed from the 
product of hydrogenation with a strongly acid cation- 
exchange resin (DOW 88, in an acid form), in other words 
the acid was liberated from its salt. The flow rate was 2 

25 bv/h, the temperature was 40°C and the dry solids content 
of the feed was about 22%. The actual hydrogenation was 
carried out under the same conditions as the hydrogenat ions 
in Examples 1 to 4 . The feed (feed of the first stage) and 
product analyses (= product of the second stage) are shown 

30 in Table 1. 
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Table 1 



Hydrogenation of xylose -xylonic acid mixtures 



5 



10 



15 



25 



Feed solution 


Components 


Peed 


Product 


of hydrogenation 






(% by wt 


{% by wt 








of dry 


of dry 








matter) 


matter) 


^Example. 1 . 


xylose 




14 


0 


Acid fraction from 


xylitol 




0 


40 


separation 


xylonic 


acid 


40 


no ana- 










lysis 


Example 2 


xylose 




53 


0 


Product fraction 


xylitol 




0 


74 


from separation 


xylonic 


acid 


24 


1 


Example 3 


xylose 




30 


0 


Runoff from xylose 


xylitol 




0 


58 


crystallization 


xylonic 


acid 


35 


11 


Example 4 


xylose 




29 


0 


Mixture of runoff 


xylitol 




0 


40 


and acid fraction 


xylonic 


acid 


31 


26 


80 :20 










Example 5 


xylose 




50 


0 


Product fraction 


xylitol 




0 


71 


from separation 


xylonic 


acid 


25 


no ana- 


Double 








lysis 


hydrogenat ion 
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Example 6 

Preoxidation 

2 g of MgO, 62 g of sulphite cooking liquor 
corresponding to Example 1, and 140 g of SOj solution 
5 (concentration 70 to 72 g SOj/l) were added into 

autoclaves. The autoclaves were closed and put into a 
glycerol bath at 150°C. The autoclaves were kept in the 
bath for 30 min, 1 h, 2 h and 4 h, whereafter they were 
cooled. The solution was filtered and- analyzed. 28% of the 
10 xylose was oxidized into xylonic acid in four hours (Table 
2) . 



Table 2 

Oxidation of xylose into xylonic acid 



Time 


Xylose g/1 


Xylonic acid g/1 


0 


20.1 


10.0 


3 0 min 


15.8 


10,7 


1 h 


11.7 


13 . 9 


2 h 


7.7 


15.7 


4 h 


5.7 


15.4 



Example 7 

Hydrogenation of a mixture concentrated with 
respect to xylonic acid 

The hydrogenation was carried out in a five-litre 
Medimex autoclave (batch- type reactor) at 110°C and at a 
pressure of 13 000 kPa by using as a catalyst Ru/carbon (5% 
Ru on carbon, Engelhard CP 56 x L/R/WW) the dosage of which 
was 18% of the dry matter. The time of hydrogenation was 3 
hours. Table 3 shows the compositions of the starting 
material and the obtained product . 
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Table 3 

Hydrogenation of a mixture concentrated with respect to 
xylonic acid 





Composition of 
starting material 
(%/dry matter) 


Composition of 
product 
{%/dry matter) 


Xylonic acid 


94.2 


8,3 


Xylitol 


0 


75.9 


Arabinitol 


0 


6.6 


Xylose 


1.1 


0 



10 

£x£uxiple 8 

Hydrogenation with Raney nickel of a mixture 
concentrated with respect to xylonic acid 

166 g/1 of xylonic acid in 70% methanol was 
15 hydrogenated in an autoclave with Raney nickel (2 g) at 
122°C and at a pressure of 6500 kPa for 18 hours . The 
results are shown in Table 4 , 

Table 4 

20 Hydrogenation of a mixture concentrated with respect to 
xylonic acid 





Composition of 


Composition of 




starting material 


product 




(%/dry matter) 


(%/dry matter) 


Xylonic acid 


94 .2 


63 .8 


Xylose 


1.1 


0 


Xylitol 


0 


15 . 0 
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Example 9 

Hydrogenation with rhodium of a mixture 
concentrated with respect to xylonic acid 

166 g/1 of xylonic acid in water was hydrogenated 
5 in an autoclave by using as a catalyst 0.17 g of 5% Rh/2% 

M0/AI2O3 at 140*^0 and at a pressure of 6500 kPa for 18 
hours. The results are shown in Table 5. 

Table 5 

10 Hydrogenation of a mixture concentrated with respect to 
xylonic acid 





Composition of 
starting material 
(%/dry matter) 


Composition of 
product 
(%/dry matter) 


Xylonic acid 


94 .2 


18 .7 


Xylose 


1.1 


0 


Xylitol 


0 


53.1 


Example 


10 





Reduction with sodium borohydride of an oxidized 
xylose -xylonic acid fraction produced by chromatographic 

20 separation 

The reaction was carried out at a normal pressure 
and at room temperature by mixing. The reaction time was 2 
hours after the addition of the reagent (added gradually) , 
The fraction was reduced as such and after cation exchange 

25 at a dry solids content of about 10%. Sodium borohydride 
was added in the ratio of 3 g/lOO g of the natural weight 
of the solution (= 10 g of dry matter) . The sodium 
borohydride was added in the form of 4% aqueous solution. 
The reaction was terminated with 6 N hydrochloric acid by 

30 acidifying the solution (pH 2) . The results are shown in 
Table 6. 
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Table 6 

Reduction of an oxidized xylose-xylonic acid fraction with 



sodium borohydride 







xylose 
{%/dry 
matter) 


acid 
(%/dry 
matter) 


xylitol 
(%/dry 
matter) 


5 


Acid fraction 


1.7 


7.5 


0 




-Reduced acid 
fraction 


0.2 


3.-1 


2.1 




Acid fraction + 
cation exchange 


1,9 


8,1 


0 


10 


Reduced fraction + 
cation exchange 


0 . 6 


3.2 


2.4 



Exeui^le 11 

Reduction of a synthetic xylose-xylonic acid 
15 mixture with sodium borohydride 

The reduction was carried out under the same 
conditions as in Example 8, except that the feed solution 
was a synthetic xylose-xylonic acid mixture. The results 
are shown in Table 7 . 
20 Table 7 

Reduction of a synthetic xylose-xylonic acid with sodium 
borohydride 





xylose 
(% dry 
matter) 


acid 
(% dry 
matter) 


xylitol 
(%/dry 
matter) 


Mixture before 


50.7 


46.5 


0 


reduction 








Mixture after 


0 . 1 


31.6 


70 . 1 


reduction 
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Example 12 

Crystallization of xylitol 

The raw material was xylitol prepared as described 
in Example 5. 97 g of xylitol (ref ractometric dry solids 
5 content RDS 11.4%, feed solution) was evaporated into an 
RDS content of 91.4% at 60°C. The mass was transferred to 
a 1-litre reaction vessel where it was seeded with 0.06 g 
of xylitol crystals at 60**C. A linear 49-hour cooling 
program (.60. _5°C to BO'^C)- was activated. After the cooling, 

10 the temperature of the mass was increased by about l^'C and 
the mass was centrifuged. The xylitol purity of the mass 
was 77% on the dry matter. The crystals were separated with 
a centrifuge (basket diameter 22 cm, mesh size 0.15 mm) at 
4500 rpm for 5 minutes, and the crystals were washed. The 

15 yield was 30 g of dried crystals. The xylitol purity of the 
crystals was 81.2% on dry matter basis. 
SxaxE^le 13 

Crystallization of xylitol 

The raw material was xylitol prepared as described 
20 in Example 2. The xylitol solution was filtered through a 
membrane of 12 fim, 170 g (dry matter) of xylitol (RDS 
19.7%, feed solution) was evaporated into an RDS content of 
91.3% at 60^C. The mass was transferred to a 1- litre 
reaction vessel where it was seeded with 0.05 g of xylitol 
25 crystals at 60°C. A linear 41-hour cooling program (60.5°C 
to 30°C) was activated. After the cooling, the temperature 
of the mass was increased by about 3°C and the mass was 
centrifuged. The xylitol purity of the mass was 64.3% of 
the dry matter. The crystals were separated with a 
30 centrifuge (basket diameter 22 cm, mesh size 0.15 mm) at 
4500 rpm for 5 minutes and washed. The yield was 54 g of 
dried crystals. The xylitol purity of the crystals was 
93.3% on dry matter basis. 
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Example 14 

Crystallization of xylitol 

The raw material was xylitol prepared as described 
in Example 3. The xylitol solution was filtered through a 
5 membrane of 12 ^m. 185 g (dry matter) of xylitol (RDS 
20.9%, feed solution) was evaporated into an RDS content of 
92.2% "at 60°C. The mass was transferred to a 1-litre 
reaction vessel where it was seeded with 0.05 g of xylitol 
crystals at 56.5°C. A linear 69-hour cooling program (57°C 

10 to 3 0°C) was activated- After the cooling, the temperature 
of the mass was increased by about 3*^C and the mass was 
centrifuged. The xylitol purity of the mass was 56.5% of 
the dry matter. The crystals were separated with a 
centrifuge (basket diameter 22 cm, mesh size 0.15 mm) at 

15 4500 rpm for 5 minutes and washed. The yield was 55 g of 
dried crystals. The xylitol purity of the crystals was 
68.0% on dry matter basis. 
Example 15 

Separation of xylose and xylonic acid from Ca- 
2 0 sulphite cooking liquor by ethanol extraction 

Commercially available dry and powdery Ca-sulphite 
cooking liquor of a deciduous tree, the composition of 
which is shown in Table 8 (1), was extracted with ethanol. 
The amount of powder in the extraction was 1500 g and the 
25 amount of 95% ethanol was 15 1. The mixture was mixed at 

50°C for 4 hours, whereafter it was filtered and the 
obtained cake was dried. The amount of the dissolved solids 
was 32%. The filtrate was evaporated in a rotavapor at a 
decreased pressure. The evaporation residue was dissolved 
30 in about 8 litres of water. The composition of the solution 

is shown in Table 8 (2) . The xylose yield was about 78% and 
the xylonic acid yield was about 43%. The yields increased 
to 95% and 56%, respectively, when the ethanol extraction 
was repeated. 
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Table 8 

Separation of xylose and xy Ionic acid by ethanol 
extraction. 









Starting 


Extract 








material 1 


2 


5 


Dry solids content 
Neutral oligo- 


(g/100 g)* 


96 


21 




saccharides 


(% of dry 
matter) 


1.1 


2.6 


10 


Glucose 


{% of dry 
matter) 


1,5 


2.8 




Xylose 


(% of dry 
matter) 


12,5 


24.1 


15 


Galactose - rhamnose 


(% of dry 
matter) 


1.6 


3.0 




Mannose 


(% of dry 
matter) 


1.1 


1.9 


20 


Xylonic acid 


(% of dry 
matter) 


5.2 


5.4 



* The dry solids content of the powder was determined with 
the K. Fischer method and the dry solids content of the 
25 solution was determined ref ractometrically by utilizing the 

refractive index table for pure xylose. 

Prepurif ication of a xylose-xylonic acid fraction 
The feed solution was a xylose-xylonic acid 
30 fraction from a continuous chromatographic separation 

process. The fraction was supplied to a series of ion 
exchangers comprising a strongly acid cat ion -exchange resin 
(DOW QQ^) and two slightly basic anion -exchange resins (DOW 
66™) . Cations adhere to the cation -exchange resin and 
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converted into a free acid, whereafter the anions adhere to 
the anion-exchange resin. 

The dry solids content of the feed solution was 
32%, the temperature was 40°C and the flow rate was 2 
bv/h/column. In this experiment, the solution was treated 
in an amount approximately corresponding to the total resin 
volume , 

In such a run, xy Ionic acid adhered to both anion- 
exchange resins-: 22 g/1 of- resin to the first one and €3 
g/1 of resin to the second one. The feed and product 
analyses are shown in Table 9, 



Table 9 

Adsorption of xylonic acid 





Xylose % dry 
matter 


Xylonic acid % dry 
matter 


Feed 


49.4 


17,9 


Product 


75 .2 


4 . 8 



20 Example 17 

Prepurif ication of a xylose -xylonic acid fraction 
Chromatographic separation of Mg- sulphite cooking 
liquor was carried out by using a slightly acid cation- 
exchange resin, Finex CA 24 GC™. The temperature was 65°C 

25 and the flow rate was 0.19 m/h. The pH of the feed solution 

was 1.2 and the xylose content was 9.8%. The xylose 
fraction capacity with the fraction purity of 25% was 9.6 
kg of dry matter/mVh and the maximum purity of xylose in 
the separation was 31.4%. The xylonic acid content in the 

30 feed solution was 5.5%/dry matter (RDS) and in the xylose 

fraction 16.7%/dry matter. The order of elution was: 
majority of the salt followed by xylose and xylonic acid 
almost simultaneously (xylonic acid slightly later) . 
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Prepurif ication of a xylose -xylonic acid fraction 
Chromatographic separation of Mg- sulphite cooking 
liquor was carried out by using a slightly acid cation- 
5 exchange resin, Purolite C 105"^, The temperature was G5^C 
and the flow rate was 0.7 m/h. The pH of the feed solution 
was 4.5 and the xylose content was 10,9%, The xylose 
fraction capacity with the fraction purity of 25% was 19.0 
kg of- dry matte r/mVh and with the fraction purity of 4 0% 
10 it was 7.8 kg of dry matter/m^/h and the maximum purity of 
xylose in the separation was 42.7%. The xylonic acid 
content in the feed solution was 5.6%/dry matter (RDS) . The 
xylonic acid purity in the xylose fraction having fraction 
purity of 25%/dry matter of xylose was 11.7%/dry matter, 
15 and in the xylose fraction having fraction purity of 
4 0%/dry matter of xylose the xylonic acid purity was 
18.5%/dry matter. The salts, xylose and xylonic acid were 
eluted almost simultaneously (xylonic acid slightly later) . 
Exaznple 19 

20 Prepurif ication of a xylose-xylonic acid fraction 

Chromatographic separation of Mg- sulphite cooking 
liquor was carried out by using a fibre-like (staple fibre) 
cation-exchange resin, Smoptec 101,3™, polystyrene 
skeleton, that is activated with sulphonic acid. The 

25 temperature was 65°C and the flow rate was 1,8 m/h. The pH 
of the feed solution was 2,2 and the xylose content was 
8,9%. The maximum purity of xylose in the separation was 
23.4%. The xylonic acid content in the feed solution was 
5.1%/dry matter (RDS) and the maximum purity in the xylose 

30 fraction was 15.0%/dry matter. The order of elution was: 
majority of the salt, and xylose and xylonic acid together. 
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Example 20 

Prepurif ication of a xylose-xylonic acid fraction 
Chromatographic separation of Mg-sulphite cooking 
liquor was carried out by using a strongly acid cation- 
5 exchange resin, Finex CS 11 GC™. The temperature was SS^'C 

and the flow rate was 0.7 m/h. The pH of the feed solution 
was 1.0 and the xylose content was 11,9%, The xylose 
fraction capacity with the fraction purity of 40% was 11.2 
kg-of dry matter/inl/h and the maximum purity of -xylose - in 
10 the separation was 44.8%. The xylonic acid content in the 

feed solution was 5.5%/dry matter (RDS) and in the xylose 
fraction 25%/dry matter. The order of elution was: salt, 
xylose and xylonic acid. The two latter fractions partly 
overlapped. 
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Claims 

1. A method for producing xylitol, c h a r a c- 
5 terizedin that a mixture that contains xylose and 

xylonic acid or that is concentrated with respect to 
xylonic acid is reduced, and xylitol is recovered. 

2. A method according to claim 1, c h a r a c- 
t e r i 2 e d in that the reduction is carried out 

10 catalytically , 

3. A method according to claim 2, charac- 
terized by using a noble-metal catalyst. 

4. A method according to claim 2, charac- 
terized in that the catalyst is Ru, Pd, Raney-Ni or 

15 Rh. 

5. A method according to claim 4, charac- 
terized in that the catalyst is Ru. 

6. A method according to any one of the preceding 
claims, characterized in that the reduction is 

20 carried out at 80*^0 to 130°C. 

7. A method according to any one of the preceding 
claims, characterized in that the reduction is 
carried out at a pressure of 10 000 to 13 000 kPa. 

8 . A method according to any one of the preceding 
25 claims, characterized in that the reduction is 

carried out at a pH of 0 . 5 to 3 , 5 . 

9. A method according to claim l, charac- 
terized in that the reduction is carried out by 
utilizing a metal hydride reagent. 

30 10. A method according to claim 9, charac- 

terized in that the metal hydride reagent is sodium 
borohydride, 

11. A method according to any one of the preceding 
claims, characterized in that the mixture to 
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be reduced is a fraction that is obtained from cooking 
liquor of a sulphite cook by chromatographic separation, 

12. A method according to claim 11, charac- 
terized in that the chromatographic separation is 
carried out by using a simulated moving bed (SMB) . 

13. A method according to any one of claims 1 to 
10, characterized in that the mixture to be 
reduced is a mixture that is obtained from cooking liquor 
of a sulphite cook by^ extraction. 

14. A method according to any one of claims 11 to 
13, characterized in that the sulphite cook is 
an Mg or Ca-sulphite cook. 

15. A method according to any one of claims 1 to 
10, characterized in that the mixture to be 
reduced is runoff formed in the crystallization of xylose. 

16 . A method according to any one of the preceding 
claims, characterized in that the mixture to 
be reduced is concentrated with respect to xylonic acid by 
ion exchange. 

17. A method according to any one of the preceding 
claims, characterized in that the xylose in 
the mixture to be reduced is at least partly oxidized into 
xylonic acid. 

18. A method according to claim 17, charac- 
terized in that the mixture to be reduced is 
oxidized with bisulphite. 

19. A method according to any one of the preceding 
claims, characterized in that xylitol is 
separated by crystallization. 

20. A method according to any one of claims 1 to 
18, characterized in that xylitol is separated 
by chromatographic separation. 
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